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Antimonv and other metal anomalias south of Stihbnite, Vallev Countv, Idaho

By G, €, Curtin and I, D, King

ABSTPACT

Results of geochemical investipations sopth of Stibnite, Vallev Countv,
Idaho, shov that the distribution of Sb, As, Au, Zn, Ag, and o in mull ash
and of Hye in soil forms a highlyv anomalous area which is more than 1,5 km
long and 1 km wide along the trace of the Meadow Creek fault, a major north-
strikiny fault zone. In the report area the Meadow Creek fault is covered
by devosits of Quaternary glacial debris ranpging in thickness from several
meters to more than 30 meters, Two other highlv anomalous areas--one of
Au, Zn, and lg, and one of Zn, Ag, HKg, and Mo-=correlate with silicified
granodiorite alonpg the trace of the Meadow Creek fault, These anomalies
are not related to known core deposits and merit further investigation,

The enrichment of metals in mull ash in the area of thick glacial
debris suggests that the metals.migrate from bedrock unvard throush the
glacial debris, are taken up by the forest vegetation, and are concentrated
in the mull as the litter from the vegetation decavs, The findings indicate
that rmull is the most useful geochemical samnling medium in the stibnite
érea because the bedrock is deeplv buried beneath derosits of transnorted

material such as colluvium or glacial debris.



INTRODUCTION

Geochemical investigations south of Stibnite, Idaho (fig. 1), show
that high values of Sb, As, Au, Zn, Ap, and Mo in the ash of mull (the
forest humus laver) and of Hg in soil outline an anomalous area which is
more than 1.5 k% long and 1 km wide along the trace of the Meadow Creek
.fault zoﬁe.

This major north-south-trending fault zone has vielded more than
27,800 tons of antimonv, 250,200 oz, of gold, and 1,000,000 oz. of silver
from two major mines, the Meadow Creeck and the Yellow Pine, located 1,5 km
and 4,5 km north of the anomalous area, respectively (Cole and Bailey,
1948, p. 4; U.S. Bureau of Mines, 1948-1951, 1953-1955). In addition,
831,829 units of tungsten (WOB) were mined from the Yellow Pine mine between
August 1941 and December 1945 (Cole and Bailev, 1948, p. 4).
| ' The geochemical investigations included in this renort consist of
a study of the distribution and ‘association of antimonvy, arsenic, silver,
gold, zinc, and molybdenum in thé:ash of mull in soil (A and B horizons),
and in float and bedrock; and ofv;he distribution of mercurv in the A and
B horizons of the soil and in float and bedrock.

Lécal rlace names not definéd in this renmort or shown on the accompnanving
illustrations are taken from the &ellmv Pine 15-minute topographic man,

~edition of 1943,
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The following members of the U,S, Geological Survev anélvzed fhe
samples collected during these investigations: E, L. Mosier, J, *, Nishi,
J. R, Hassemer, J. R, WVatterson, R, I, Turner, F, P, Welsch, R, M, O'Leary,
J. A, Domenico, R. T, Hopkins, Jr., J. D. Hoffman, C., E. King, Jr,, and

P, N, Von Stein,



GEOLOGY
by B. F. Leonard

The geology of the samrled area and its environs is shown in figure 2,
The principal map units are the plutonic complex, the silicified zone,
the Challis Volcanics, and Quaternary depo%its.

The plutonic cowmplex here comprises granodiorite and alaskite of the
Idaho batholith suite, in places coarsely interlayefed with and intruded
into Precambrian mica schist, quartzite, amphibolite, and carbonate rocks
of high metamorphic grade., The complex is divisible into a dozen subunits,
only three of which are shown in figure 2, The three subunite suffice to
illustrate the internal structure of the complex and its relation to other

~map units, A brief description of the subunits accompanies the geologic
map, Outcrops within the complex are sparse, Most of the area is thinly

but extensively covered with grus and small rock fragments,

(9, }
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A major «ilicified zone transects the svnforms and antiforms of the
plutonic comnlex, This zene is the southern extension of the “ecadow Creel:
zone described bw boover (1951). The “feadcow Cveek fault, a nrincinal
element of the structure here termed the “eadoﬁ Creek zone, shows on our
figure 2 a3z a concealed fault just west of the nortal of the MMeadow freek
mine. A massive quartz lode is exrosed along the cliffs east of Rock

Rabbit Creekl/, and silicified rock forms a few roches moutonndes near the

1

”/Rock Rabbit Creek, flowing north, enters Rip Chief Creck 3.5 Inm
unstream from the confluence of Big Chief and Indian Creeks. The Rock
Rabbit cabin is 1.5 km south of the mouth of Rock Rabbit Creeck,

head of the creek., Elsewhere outcrons are sparse, but small bits of cuartz
mixed with -grus are videspread. The limits of the central part of the
silicified zone can be determined by carefullv manving the quartz float,

The rest of the zone is partly or wholly concealed by Ouatérnary devosits,
By analoqv with silicified zones well exrosed elsevhere in the region,

the silicified zone of the sampied area is inferred to consist of lodes,
veins, veinlets, and stockworks of finelv crvstalline auartz and chalcedonvy
interspersed with unsilicifed and weaklv silicified relics of the plutonic
complex, Ifost of the quartz and some of the granitic rock is stained vellow,
brown, or pinkish, and some of the granitic rock is mvlonitic. Clay
minerals are seldom seen, and the dimensions of individual auartz-rich
bodies are indeterminate. In addition to the main silicified zone shown

in fipure 2, areas of sparse quartz float too small to be manped are
scattered throughout the vlutonic comnlex, The main parts of the silicified
zone, from north to south, are dgscribed as follows; their relation to the

structures that control their distribution is noted.



The northern »art of the zone is mantled hv Quatérnary denosits in
the reservoir area but indicated b¥ float north and south of the divide
betrveen ”eaaow Creek and Big Chief Creel. The silicified zone penerally
follows a north-striking shear zone or svatem of faults on which the
apparent richt-lateral displacement of minor metanorrhic rock units is at
least 500 m and perhaps as much as 2,100 n, A conspicuous bulge in the
silicified zone seems to represent stockworks of aguartz veins and veinlets
rclated to northeast-striking extension fractures develoned by right-lateral
movement along the meridional shear zone, Outside the sampled area,
similar bulges along meridional silicified zones contain ore deposits.
Within the sampled area, only nart of the bulge has been rrospected,

-evidently without success.



The southern nart of the silicified zone is the tap enq of the Meadow

Creek structure, here nartlv concealed bvy glacial debris. The exposed

lode, previously mentioned, has been prospected on the Rock Rabbit claims

bv a cizable adit, now caved, and bv emaller workines, At the vortal of-
the main adit, near a2 bulge in the silicified zone, the lode consists of
fine white renlacement cuartz locally crackled and stained vellow=brown,
.Sparﬁe outcrons 450 m south-southwest of the old cabin show bleached

chalky alaskite and vrorphyritic granodiorite cut bv a narrow dike of rhvolite,
Here, molybdenite and powellite are present, The molvbdenite, intergrown
with povellite, a little jarosite, and unidentified brown alteraticen
products, occurs as sparse small natches on joints in a cuartz veinlet in
the granite, A few flakes of molybdenite are present in a quirtz veinlet

in the rhyvolite, A pale greenish mineral that mav be powellite is present
pearby as particles in bleached alaskite. Swmecimens foundAat the cabin

and at one of the prospects show a little azurite, malachite, and conper
pitch in green amphibole schist iike that found in the belt of mixed rocks
east of the silicified zone, The bedrock scurce of the commer-bearing
specimens was not seen, '

The silicified zone ends abr#ptlv against a dike-bearing fault zone

on the ridge 900 m south of the c%bin. The horizontal offset of mixed-rock
units suggests right-lateral disrlacement of 450-2,100 m along the‘silicified
. zone at this latitude. If, as the peculiar dead look of the altered
alaskite suppests, a cover of Chailis Volcanies has recentlv been stripned

from the southeast end of the zone, vertical displacement on the zone mav

be about 100 m, with the east wall up.
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Southward from thc.faulted end of the silicified zone, a bulbous
area of gneissoid biotite grunodiorite, extending alnmest to Indian Creek,
is cut bv manv emall foults., The granodiorite adjacent te these faults
is stained veljorrish brown, as if from oxidized pvrite, but nc extensive
area of staining and no svecks of ore minerals suprestive of a disseminated
.sulfide deposit could be found, in srite of careful search. Other stained
arcas west=-scuthwest of the faulted end of the silicified zone lie within
a slight aeromagnetic high (nesk intensitv 1691 garmmas) showm on the
geologic map of the Idaho Primitive Area (Cater and others, 1973, pl. 1).

Dark=rreen latite breccias and tuffs of the Challis Volcanics are
present in fault blocks downdropred along the southeast side of Indian
Creek, and small slivers of buff rhvolite tuff are »nresent along the
transverse fault that cuts off the silicified zone on the divide at the
head of Rock Rabbit Creek, The latitic rocks are nart of the lower,
latitic unit of the Challis of the Thunder “fountain caldera. At this
latitude, the» mark the west edge of the lecal Challis fiecld., The slivers
of rhyolite tuff (too small to show on the mar) presumablv belong to the
upner, rhvolite unit of the Chal;is. If this inference is correct, and
if the latitic rocks in this area heve their usual thickness of 350-459 m,
the slivers of rhvolite tuff have been downdronped at least 350 m.alonp
the transverse fault, The alternative hypothesis, that the slivers are
tuff dikes emplaced along the fault or caucht up in it, is unsunnorted
bv evidence, for tuff dikes have not been shown to exist within the local

Challis field or its environs,
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A few diles of buff rhvolite and rreenish latite creop out in and near
the sllicified zone. The dikes, 3 to 15 m wide, can seldom be traced more
than 50«100-m, 'ost of the dikes strike northeast; two strike northwest,
In enpearance, compeosition, and slipht alteration, these dikes are like
thocusands of others in the region. Tive lm southeast of the samnled
arca, rhyolite and latite dikes of the Little Pistol swam cut the Challis
Volcanics,

The relations among silicificatioen, introduction of metals, and
emplacement of dikes are inadecquatelv known for this area and enuivocal
for other silicified zones in the region, (For a discussion of another
silicified zone, see Leonard and others, 1968, »n, C20,) Tor the sampled
~area, the critical facts are: Tertiarvy dikes cut the silicified zone,
the dikes resemble those known to cut the Challis Volcanics nearbv, and
a dike near the head of Reck Rabhit Creek contains a little molybdnnite‘
in a auartz veinlet, The inference is that at least some quartz and some

!
metals are vounger than the dike,
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Ouaternarr deposits mantle the slacial vallev north and south of
the former Stibnite Rezervoir, £i1] the vallev of Big Chief Creek, and
cover the nerthern half of the U-shapced vallev of Rock Ralbit Creek,
From south to north in the reservoir area, in the direction of local
jce mevement, the devosits are rainly moraine debris and reworked
‘colluvium, lake beds, and large iceworn and waterworn boulders gullied ﬂy
floodwaters releasced when the reservoir dam broke in 1965, At and helow
the damsite, the thickness of coarse vallev fill exceeds 30 m; it mav be
about 100 m locally, Above the damsite, in the flat stretch of the hansing .
valley, the thickness of stream, lake, and glacial derosits mav ranpe
from some meters to more than thirty meters, Aleong Big Chief Creek, the
thickness of valley fill--alluvium, reworked glacial derosits, small
moraines, and local block streams--is at least some tens of meters. South
of Big Chief Creelr, small lateral and medial moraines frem the local
cirque converge northward to form a thick mass of morainal and snowslide
debris whose comneonents are not exposed, The considerable thickness of
Guaternarvy deposits overlying the:extension of the Meadow Creek fault zcne
in several areas of intense geochemical anomalies presents a problem if

the anomalics are to be explored.
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The faults of the arca are rerresentative of the large fractures of
Tertiarv and Ouaternary age that dissect this part of Tdaho, The Meadow
Creek fault zone ond 1its southern extension in the samnled avea are part
of a ring~fracture avstem related to the collapse of the Thunder Hountaiﬁ
caldera (sce Leoﬁard, B. F. in U.S. Geolerical Survev, 1971, p, A36, for
‘a preliminarv note on the caldera). Concealed faults of northeast str{ké
in the vallews of Mcadov Creck, the uvper part of Big-Chief Creek, and
Indian Creelk are sepments of radial fractures related to caldera collanse,
Rotational strain of regional extent followed collanse and was relieved
in vart bv right-lateral shear along some of the meridional ring fractures,
such as the MNeadow Creek fault zone, and in part bv the develorment of
northeast=striking extension fractures, Block faulting related to renewved
subsidence then occurred in multivole stases: developing new fractures,
ﬁaking use of old ones, and piving rise to small-scale tonceraphic anomalies
such as severed block streams and faulted stream terraces. Tor the region,
repeated deéormation according to different stvles is the rule; for the
area, recognition of the complexity of the regional fracture'pattern is
a desirable preliminary to exvloration of the geochemjcal anonalies shovn

in the accompanving maps,
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The radial fault alonjy MMeadow Creel: has special significance for
exploration because of 1its peculiar effect on the Yeadow Creek fault zone.
The radial fault, thoupght to be vertical, is here named the Tailings Pond
fault, Along it, avnarent richt-lateral offset of structures orv rock units
increanes toward the southwest: the “feadow Creek fault zone is nerhaps
offset 50-100 m; the unit of mixed rocks (fig. 2) 1is offset about 750 m,
The amount of cffset is not precisely determinable,'owing to the uncertainty
of projecting these features to the trace of the Tailings Pond fault; but
within the limits of permissible assumptions, the offsets define a hinge
fault whose pivot point is within 150 m east or west of the Meadow
Creek-Thunder Mountain road junction at Stibnite, The total angular
»displacement defined by these crude data is 10°=25° in the plane of the
Tailings Pond fault, and the relative motion 1is north block up, south
block dowvn, If displacement was of the same mapnitude but opnosite sense
for each block, the angular displacement for each block was 5°-12°,
Hvpoetheses of pull-anmart or right-lateral shearing a]c;g the Tailings
Pond fault do not adecuately account for the southwestward increase in

offset, noted above, and are not consonant with the stvle of displacement

1 :
to be expected from recurring adjustment to subsidence along radial fractures.



Three correlatives of hinge movement on the Tailings Pond fault are
of economic interest., First, the dip of the Meadow Creeck fault zone at
the Meadow Creek mine (Cooper, 1951; average dip of 75° west shown on cross
section, pl. 44) must have been almost vertical before hinge faulting on
the Tailings Pond fault, Second, the hince movement would presumably have
caused the south extension of the Meadow Creek fault zone to depart from
the vertical and dip eastward. The dip angle cannot-be determined from the
genlogic map, but an east dip at a high angle is consistent with the
slight southeastward curving of the silicified zone as its centerline is
followed downslope from the 01d Thunder Yountain Road to Big Chief Creek.
Third, hinge movement swinging the block south of the Tailings Pond fault
dovmward increases the likelihood of preserving an ore shoot comparable
to that at the Meadow Creek mine in the southern block, if a southern

extension of the shoot ever existed,

16



GEOCHEMICAL INVESTIGATIONS
Material sanpled
Samnles of mull and soil were collected for this study at 229 sites;
rocks were collected at 216 of thesce same sites., Sample sites are shown
on the accompanving gecchemical maps (figs, 3"5, 7-9, 11-13, 15, 17, 18,
2022, 24-26), Nearly all the mull sanples vere collected beneath individual

coniferous treces of species including alpine fir (Abies lasiccarna Nutt.),

lodgepole pine (FPinus contorta), Douglas fir (Pseudotsuca menziesii),

Engelmann spruce (Picea engelmanni), and limher nine (Pinus flexilis),

or from beneath a combination of these species. ™ull derived from conifers
was collected at all except ten sites, Within the boundaries of the bed of
the Stibnite Reservoir, the mull laver has been formed from sedges and other
small plants,

The coniferous mull is present as pads, 2-10 cm thick. Varving
quantities of mineral matter have been added to the pads by the activities
of rodents, by sheetwash, and by wind,

A layer of gray to gray-brown, ash-textured scil (3-10 cm thick) that
contains abundant small roots is present beneath the mull laver, This
layer is the A soil horizon. The B soll horizon is comnosed of weathered
cobbles and vellow to vellow=brown, coarse to fine sand of colluvial or
glacial origin, At all sites except those in the bed of the drained
reservoir, both horizons were sampled. The B horizon was sampled to an
average depth of 30 cm., In the bed of the drained reservoir the A horizon
(15~20 cm thick) is composed of black to dark-gray, hirhlyv organic, silty
clav; the B horizon (20-25 cm thick) is comnosed of sandvy silt and has a
lower orgonic content than the A‘horizon. Both the A and B horizons were

sampled at each of the ten sites.
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Samples of rock were collected at all the sites except'f&r 13 that
are in and adjacent tc the bed of the drained reserveir, Float was the
main tvpe of rock collected, because bedrock was exposed at only 14 of the
sample sites,

Analvtical procedures

Sevzral analytical procedures were used. Au and Hg were determine&
by atomic absorvtion methods (Thompson and others, 1968; Vaughn and fcCarthy,
1964) ., The other clements were determined in mull ash by a semiquantitative
spectrographic method for organic materials (Mosier, 1972), and in soils
and rocks by another semiquantitative spectrographic method (Grimes and
Marranzino, 1968).

Soil samples were sieved, and the minus 2-millimeter fraction was
ground and pulverized for analvsis, Mull samples were sieved to remove
rock fragments and larpe pieces of litter, and the minus 2-millimecter
fraction was ashed. A small split was taken from the ashed sample and
sieved through a 0.25—millimeter sieve tc remove sand-sized grainsz, and the
minus 0,25-millimeter fraction waé analyzed, A 10-gram split from the
sieved and ashed mull sample was analvzed for Au. The ash of the mull,
as the term is used in this report, comprises the admixed mineral matter
and the ash of the organic matter, The metal content of the mull samples

is reported on an ashed-weight basis,
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Ceochemical onomalies
Results cof the geochemical inyestigations ére summarized in the
geochenical maps o the distribution of Sb, As, Au, Ag, and Mo in mull ash
and soll, of Zn in null ash, and of Iig in soil (figs. 3-5, 7-9, 11-13, 15,
17, 18, 20-22, 24-26). The cnalvtical dataAare summarized in the accomnanying
histograms which show the percent frequency distributions of these metals.
Anomalous elemental values were picked arbitrarily from the percent frequency

distributions of the elements as shown by the frequency histograms (figs. 6,

10, 14, 16, 19, 23, 27).
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The north-central part of the mapned area contains conspicuous positive
anomalies of Sb, As, Au, Zn, Ag, and !0 in muill ash (fies. 3, 7, 11, 15, 20,
24}, The distribution of S$b in mull ash at a minimum concentration of 150 pom
(parts per million) is pervasive over a large part of the northern third of
the mapped area (fig. 3). Antimonv in mull ash at a minimﬁmAconcentratién
of 300 ppm, howdéver, delineates a positive anomaly about 1,5 km long that
corrclates in part with the trace of the Meadow Creek fault zone, Highiy
anomalecus Sb valucs were detected in the ash of the coniferous mull but not
in the ash of the mull formed from the small plants growing in the bed of
the Stibnite Reservoir, The anomalous concentrations of As, Au, Zn, and Mo
in mull ash (figs. 7, 11, 15, 24) are somewhat coextensive with the highly
anomalous concentrations of Sb along the trace of the Meadow Creek fault
zone. A positive anomaly of Ag in mull ash (fig. 20) also correlates, in
part, with these anomalies, All these anomalies are prirarily within an
area where the Meadow Creek fault zone is concealed by ragher thick deposits
of glacial debris, and for the most part they arc defined by high elemental
concentrations in the ash of mull formed from trees growing in the glacial
debris, In contrast to Sb concentrations in mull ash, highly anomalous
As and Mo concentrations were found in the ash of the mull laver formed
on the bed of the Stibnite Reservolr (figs. 7, 24).

A spatial correlation exists between the positive anomalies of Zn and
Au in mull ash in part of the zone of silicified biotite granodiorite in
the central part of the mapped areas (figs. 11, 15). These anomalies nmav
be mostly derived from the silicified rock,

Positive anomalies of Ag and Zn in mull ash (figs. 15, 20) correlate
spatially with each other in the southern part of the mapped area where the
coextensive Ag and Zn amomalies roughly outling the boundaries of the southern

end of the zone of silicified biotite granodiorite,
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With the exceptions of Sb, le, acd Ag, the anomalies in soil are
relatively small and scattered, Antimony, cone of the exceptions, forms
extensive positive anomalies in the A horizon of the colluvial soil on the
hillsides east and west of the 'leadow Creek faglt zone in the northern part of
the mapped arca (fig. 4). lercurv (fig. 17) fbrms positive anomalies in the
A horizon soil that are cocxtensive with those of Sb, As, Au, Ag, and o in
mull ash in the northern and central parts of the mapped area, Silver in
the A and B horizons of the soil (figs. 21, 22) and Ig in the A horizon (fip. 17)
form conspicucus anomalies that are coextensive with the Ag and Zn ancmalies
in mull ash that outline the southern part of the silicified zone.

Rock samples vielded little useful information. Most of the few samples
that did contain anomalous amounts of metals (fiss. 6, 10, 14, 19, 23, 27)
were collected from bedrock or near bedrock, either in the extreme southern
part of the area or in the vicinity of Indian Creek Point. Sampling wvas
probably biased toward unéltered float in the areas of colluvium and glacial
debris, because the altered float, where seen, had disintegrated into very
small picces which graded into soil-sized material (less than 2 mm in diameter).

Tungsten, a metal to be expected in the local assemblage, was not
found in the samples of either mull or soil and was detected 1in onlv four
samples of float. These four float samples that contained W were ccllccted
west of the trace of the Meadow Creek fault in the north~central part of the
area (data not illustrated), The lack of W in the rest of the samples mav
be due either to the relative insensitivitv of the analvtical method used
(lower limit of sensitivity 50 ppm) or to a lack of highly anomalous amounts

of W in the bedrock,

21



Metal enrichment in mull ash

The geochemical mans and histérrans (figs. 3~27) indicate the enrichrent
of e]ements-in mull ash relative to soil. The minimum concentrations shown
on the geochemical mavs for Sb and As in mull ash are greater bv a factor
of 30 for Sb and by a factor of 7 for As than the minimum values shoun for
Sb and As in soil,

The histegraws of the elements in mull ash and seil (figs. 6, 10, 14,
16, 19, 23, 27) show that mull ash is highlv enriched in Sb and is scmewhat
enriched in As and Au, ™ull ash is also enriched in Zn (data not illustrated).
The results for Ag and o in mull ash are not directly comparable to those
in soil, oring to the greater sensitivitv of the method used for analvzing
.these elements in mull ash.

Contamination

We attvibute the w=tal anovnalies in muil and soil prinmarily to a
local bedrock or bedrock-derived source., If, igstead,}the anconalies
result from contamination, the three princinal sourcesvfrom which antimony
could have been dispersed as a contaminant throughout £he sampled area

re (1) windblcvn dust from the miiliug onerations at Stibnite, (2) windblown
‘ :
dust from the tailings pile, and (3) airborne particulates from the smelting
operations at Stibnite. The possibility that some centamination has
occurred in the sampled area cannot be eliminated. The point at issue is

whether contamination by windborne particles accounts for the major metal

anomalies, The following evidence indicates that it does not.
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Wind dircction and length of drv season are the critical factors
in assessing post~milling redistribution of tailings. Wind records were
not kent while a weather station operated at Stibnite, but the State
Climatologist of the National Weather Service in Doise stated that the
prevailing wind in this region in Idsho is from the southwest (K, A, Rice,
ecral commun., 1973), Certainly this is the observed direction during June
to Octcber, 1957-72 (B. F. Leonard, written commun., 1973), A north~ or
northwest-prevailing wind, however, would be required to contaminate the
reservoir area with dust from the milling or smelting operations., The
near-ground eddy motion shown by dust devils developed downwind of the
tailings pile during the summer months is to and fro along !‘eadow Creek,
with a strong northeast, down-vallev component. Manv of the dust devils
are dissinated near the Meadow Creek-East Fork road junction, at less than
30 m above grcocund, Theilr contribution of dust to air circulating above
30 m is not visible; it is judped to be small., As the tailings were moist
durinz the milling oneration and are now snow-covered during 6 nonths of
the year and damp for another 3 months, redistribution of the tailings
by wind is effectively confined to the three dfy sumner months and
restricted to the period between cessation of milling (June 1952) and the
collection cof geochemical samples (August 1970), 1In éonclusion, climatic
factors make windborne téilings an unlikelyv source of the major geochcmical.

anomalies in the sampled area.
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Just as therve is no c¢vidence for prevailing north and northwest winds,
there is no evidence that large quantities of dust or fumes escaped during
milling or suclting opcerations., The ore was coarselv crushed and grinding
was wet (Bradlev, 1942; Cole and Bailev, 1948)., The smelter coperated only
from 1948 to 1952, During this period, the smelter yielded about 6,900 nmetric
tons cf antimenv metal (U,S. Bureau of !fines, 1953-1955). About 1,500 netric
tons of cathode Sb metal from the Sunshine mines, Coeuvr d'Alene district,
was refined in the smelter in 1956 (U.S. Bureau of “Mines, 1958). The amount
of Sb released into the atmosphere from the smelter is unknown, but the
data in Table 1 indicate that a loss.of 60 metric tons of Sb would te required
to account for the Sb present in mull and scil of the sampled area, or
35 metric tons of Sb in the mull alone, If that nuch narticulate matter
had to be transported southward from the smelter, a far larger quantity
would presumably be borne directly downwind, Flue losses of this magnitude
scem unrecasonable to us.,

The foregoing arguments agéingﬁ contamination have dealt with the
antimony milling and smelting operations at Stibnite. Anomalous concentrations
of Hg and Zn are present in soil and mull collected in the sampled arcaj;
vet significant quantities of these elements have not been reported to cccur
in ores of the “Meadow Creek and Yellow Pine mines., The He and Zn anomalies
can hardly have resulted from treatment of the local ores. llowever, the
location of anomalies of these metals, as well as Sb, Au, and Ag ancmalies, -
along the trace of the lfeadow Creek fault, offers strong cvidence that Hg and
Zn, and probably Sb, As, Au, and Ag concentrations in mull ash are derived

from mineralized rock in the fault zone beneath the clacial debris.
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In order to gather further evidence on the source of the Sb, seven

samples of mull containing 100-1,000 ppm Sb were studied in detail. Tour
samples were collected in the sampled area and thrce sampnles were collected

in a mineralized area 5 kn cast of Stibnite, where contamination from the
milling end smelting operations at Stibnite was judged teo be insignificamt.
These samples were separated into fractions to determine whether the bulk

of the Sb in them was 1n the organic fraction or in the sand-and=-silt fraction.
The orcanic fraction in all the samnles contained about 90 percent of the

total Sh., Moreover, needles of pine, spruce, and fir trees, and leaves of

willow (salix sp.) and myrtle blueberry (vaccinium nvrtillus) collected

at the mull sample sites contained as much as 30 ppm Sb. These results do
not confirm that Sb is coming from bedrock beneath the sample sites. They
do suggest, however, that, because of the intimate relationship between Sb

and the organic nateriels, Sb has been conrentrated in the mull; net as a

result of contamination, but as-a result of a natural bicicochemical crcle,
In this cycle, Sb is leached from bedrock, is taken up by the vepetation,

and is concentrated in the mull as the needles, lecaves, and other vegetation

parts decav.
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CONCLUSIONS

The arcal overlap of pesitive anomalies of Sb, As, Au, Zn, As, and Mo
in mull ash and of positive anoma]ics of Hg in scil with the concealed southward
extension of the Meadow Creek fault zone indicates that these elerments have
beer. leached from the fault zone and have woved throush the glacial debris
to the root zone where they are talen up by the trees and accumulated in the
needles, leaves, and possiblv other tree parts. These elements may, in turng
be concentrated in the mull as the tree parts decay. This process is further
substantiated by the presence of Sb in conifer needles and bv the verv high
percentage of Sb found in the organic fractions of the fractionated mull
samples, These findinss indicate that this area is an attractive exploratioh
target and suggest that mull is the most useful sampling medium in subalpine

‘forested areas where the bedrock is deeply buried beneath thick deposits

of trensported material such as colluvium or glacial debris.



In the nerthern third of the mapped arca, the pervasive distribution
of Sb in mull ash at a minimum concentration of 159 »pr supgests that Sb
may have been disversed in part by windblown material from the mining,
milling, and srelting activities at Stibnite, Another scurce for this
anomaly may be antimony~tearing rock from sﬁall silicified zones and minor
fractures related to Loth the major ring and radial fractures that dominate
the structure of the area. These sources are furthér indicated bv Sb
anoralies in the A horizon soil, anomalies vhich are almost tetally in the
colluvium on the hillsides to the east and west of the fault zone. These
anomalies are probably caused mainlv by the inclusion of mineralized rock
inte otherwise barren soil., The lack of SHh anomalies in the soil on glacial
drift may ﬁe accounted for bv the fact that much of the glacial debris was
derived from the south where the bedrock apparently centains relatively
small amounts of Sb.

Thé positive ancmalies of Au and Zn in null ash and llg in soil in the

: . roo
central part, and Ag and Zn in null ash aud Hg in soil in the southern part
of the mapped areca s#ggest the presence of mineralized bedrcck within the

poorly cxposed silicified zone., These anomalies may also be attractive

exploration targetd.
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Figure 13. Geochemical map of Au distribution in B horizon soil. Geology
; shown: Qd = Quaternary deposits, Ts = silicified zcne, Kim =
| - - mixed alaskite and Precambrian metasedimentary and metavolcanic
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
biotite grancdiorite. Heavy dashed and dotted lines are
faults.

e AGTAR ML T N yr ey e SR ST NPT T T g MRINATIAN R Ty sy vy et o s e etce

X YO T ; L . el - N B REAEN B i ) v
&Y s . Do N oL v ook “ B H
AL LSRR B s 5 2 T R e it L NGB b T s i ek s 1‘0 EERRTRN - SR E A PRCECEIRIS- " §CF SR L WA L



20
10
ook
. Z Qq %8%§SSSQQQQ
< MULL ASH
1y
D
(@)
W 0 ' E
[\ : )
W 50-
40 '
| }
30— »
. 20~'1 :
IH
5% REESTTIESSS
& CQIVAVOVITITO
b~ A HORIZON SO/L
= ,
w
U .
& o . €0
Wy ) . .
& o] ’ 504
40+ . T . - 404
304 . ) . 30+

>

OO NN (S ]
QOO SN~ ~~NNaumn g. §00\\\2?Na§
YAYVJ/VIOIQQ QVOIIVTIAAIISD

201 20
0 10+ [L
J AT r— - H
0 R
Q
v

§ wmommwmQQQ

<0.05] J

B HORIZON SOIL LR ROCK
GOLD v mers Pm MILLION

Figure 14. Histograms of Au distribution in mull ash, soil, and rock.
ND: Not detected at lower limit of determination for analytical
method used.
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Figure 15, Geochemical map of zinc in mull ash,

Qd
Quaternary deposits, Ts = silicified zone, Kim = mixed
) alaskite and Precamwbrian metasedimentary and metavolcanic
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
biotite granodiorite. Heavy dashed and dotted lines are

Geology shown:

faults,
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Figure 16.--Histogramsof Zn distribution in mull ash and rock.

Zn was not detected in soil.
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Figure 17. Geochemical map of Hg distribution in A horizon soil. Geology
shown: Qd = Quaternary deposits, Ts = silicified zone, Kim =
mixed alaskite and Precambrian metasedimentary and metavolcanlc
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
blotlte granodiorite, Heavy dashed and dotted lines are
faults.
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Figure 19,--Histograms of Hg distribution in soil and rock.
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Figure 20. Geochemical map of Ag distribution in mull ash. Geology shown:

Qd = Quaternary deposits, Ts = silicified zone, Kim = mixed
alaskite and Precambrian metasedimentary and metavolcanic
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
biotite granodiorite., Heavy dashed and dotted lines are
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Geochemical map of Ag distribution in A horizon soil. Geology
shown: Qd = Quaternary deposits, Ts = silicified zone, Kim =
mixed alaskite and Precambrian metasedlmontary and metavolcanic

rocks, Kig = garnet-bearing biotite granodioxrite, Kigd =

biotite granodiorite. Heavy dashed and dotted lines are

. faults.
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Figure 22. Geochemical map of Ag distribution in B horizon soil. Geology
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biotite granodiorite. Heavy dashed and dotted lines are
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Figure 24, Geochemical map of Mo distribution in mull ash. Geology shown:
Qd = Quaternary deposits, Ts = silicified zone, Kim = mixed
alaskite and Precambrian metasedimentary and metavolcanic
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
biotite granodiorite. Heavy dashed and dotted lines are
faults.
F-m«!'«"' - . " - et w»,ng?lw., nz ST ST ~ »-.-:f:vvy,,'r‘a?".'gf;zg:rw e e Q‘V'WWT?WQUT rﬂ*‘f“f'?"r'."?“f,}’_f-"*" T T E R
? 51
é”;é‘“ . urhd 3 A sin RN R e 0 O IR CHR e 2 SN AU A S A LS




1 ’
§ Al
- 157207
— ST — SR ,
: T Y |
; , . / \\ ;
: . o Stibnite,, e "'6\" F
. X e @ {
: : Al ;
PR 6787 . !
Lo ‘\\ |
Reservoir ‘ \
=N
° . “““/ \’
g |
3 Y 2
x 8348 / !
© :
[ \\\
" )
e S N / °
o X TN / ¢
/«
°
-4
. ¥
B © °© o/ e e
\ {wd /°°" / ’ i
° © u o .
@, Meadory' Croele AR
'“"VZ\G/'L%’ 4‘ ° Ki b! y ’ ° ’ \‘
Wi a}» . m)}i/‘o °°+ ;\ o R ?+‘
A R A SRR .-
° ° N 1o Indian Creek L
. ° P s ! p . © . . ary
. ° o ° VAR og o OINT °
o o °9 /
o . (}\ J o o /
° o Ts' 1/ Kigd e !
° ° ’ —
| ¢
1 , Kim /&a_g\o [" i
o : / \\ \s/_.,., ‘
7 od \ o N
. s —~ DT T
+ '?'935 il / ‘6645 i
3 P . !
\\w__,/"//' /& od //_\\ ;
i s ‘\ ~— ~ 4;‘
- / Bl
o : P R ;
~ T : v —-’Ch’b / A‘ //Klgd ;
' - - o \A
,l o
" RocK oo
/(b‘db Rab Lt ;Gd;'jS,\
44y / Ch’C&‘K ,C A// / -
50 : /
. / '/.‘ / \
EXPLANATION 7*7*.‘}! A, /
. m . ° ! N, ©
“lli”m&? 4210 ° (s ) ° / jHE
il , Sample localily <°- 77 -  E— T
Parls per miifion samp Y N < o .
f NS 4 !
6336, | 4 :
| Figure 25. Geochemical map of Mo distribution in A horizon soil.- Geology
shown: Qd = Quaternary deposits, Ts = silicified zone, Kim =
g mixed alaskite and.Precambrian metasedimentary and metavolcanic
rocks, Kig = garnet-bearing biotite granodiorite, Kigd =
biotite granodiorite. Heavy dashed and dotted lines are
faults.
- Tt vor: ke 40 ol B e T R ettt et S ""5«"’!\‘-"5“*?""""75“*"”—“‘;"w@w_, il T A R S A T i e s
e ’ St ‘4
F” w"}'?;u : ot i & S I L SR I T s " m

52



. 6787
.’ PN
S Strbniie

"y -
. o/’<e>$,;erm/r N

. / > \ ,./"\
. ‘ o

VAR i

fyey o °

oo |

©

o
>
8
q -
g
& °
° .o
¢ o
—— o
7 N
D o
\
B feo
~ o ©
r;;u_’é—’
o~
Ne
o\
o @
S
\"\
*x
(=]
o
°
°

~
-]

2

w C

L 3
o
L]
]
A
]

...}.
° 8o _(J\.O ° c° o ;87“5 \
Ts Incaian rﬁeo - )\“

I Boint ° . /

. ~ ) P . . / ;
v ™ ye l/ Kigd ° : ad !

L]
Mea o, 0"

45"
50

Figure 26. Geochemical map of Mo distribution in B.horizon soil. Geolegy
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Figure 27. Histograms of Mo distribution in mull ash, soil, and rock.
ND: Not detected at lower limit of determination for analytical
method used.
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